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EXECUTIVE SUMMARY 

 

The Town of Vienna, VA has identified occasional flooding, coincident with significant storm 

events, in three locations of the storm drainage system serving from the intersection of Center 

Street and Maple Avenue to the northwestern end of Mill Street, as follows: 

 N Condos Building and Starbucks parking lot at Center Street and Maple Avenue 

 Freeman House at Mill Street and Church Street 

 Cube Smart Self Storage at Mill Street and Ayr Hill Avenue 

These locations and the extent of the storm drainage system in this area are shown on Figures 

2A, 2B and 3. 

 

The drainage area was reviewed to quantify the storm water flows anticipated during the 

theoretical storms with recurrence intervals of 2 years, 5 years, 10 years and 25 years.  The 

intensity of the 10 year storm, occurring once every 10 years, was used as the design storm for 

the project.  The results of this analysis are shown in Tables 1 to Tables 6.   

 

The existing storm drainage system was examined in detail prior to creation of a system model.  

To improve the accuracy of the model, the trunk line of the system was inspected via television 

camera or physical walkthrough to determine pipeline and culvert sizes, shapes and surfaces.  In 

addition, land surveying was used to establish storm sewer slopes and open channel cross-

sections.  The model was created in three parts due the specific configurations of the system.  

System 1 was from the Vienna Shopping Center to Freeman House, and used a Geopak model 

for water conveyed in closed conduits.  System 2, also using Geopak, was from a location near 

Freeman House to the storm sewer outlet at the northwestern end of Mill Street.  Systems 1 and 2 

were modeled independently since modeling could not be completed accurately enough at the 

Freeman House where some flow is in an open channel and other flow is in parallel storm sewers 

with multiple sizes.  System 3, after the Mill Street outfall, includes open channel flow to Piney 

Branch.  This section was best modeled using HEC RAS software. 

 

The results of the modeling were much as expected.  There were no specific flooding issues in 

System 3, to the northwest of the Town.  The first location in System 2 to experience flooding is 

very near the Cube Smart Self Storage location along Mill Street.  The Freeman House, between 

System 1 and System 2, was determined to be vulnerable to flooding under the design storm 

condition.  Finally, the N Condos and Starbucks parking lot, in System 1, was shown to be prone 

to flooding under storms of much lower intensity than the design storm.  The model was run 

under several different scenarios in order to determine potential remedies for the flooding issues 

noted.  The results of model runs are shown in Figures 5, 6 and 10, as well as in Appendices E 

and F. 

 

In System 2, it was noted that a 414 foot length of 96-inch by 72-inch box culvert on Mill Street 

is too small to convey the 10 year storm flows.  One option was reviewed to increase the flow 

capacity in this section through replacement using a 120-inch by 96-inch box culvert or 

installation of a parallel 96-inch by 72-inch box culvert.  Project cost for System 2 corrections 

was estimated at $898,000.  The recommendation for this improvement is shown on Figure 9 and 

the cost estimate is included as Table 11. 
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In System 1, a 538 foot length of dual 70-inch culvert pipe, going cross lots from Center Street to 

Church Street, was determined to be inadequate for the 10 year storm flows.  Several options 

were reviewed including 1) replacement of the piping with various size culvert pipes or box 

culverts, 2) installation of new culvert or box culvert along a different route than the current 

culverts and 3) installation of lining in the existing culvert pipes.  Project cost for System 1 

corrections was estimated at $1,132,200 for Alternative 1.  The recommendation for this 

improvement is shown on Figure 9 and the cost estimate is included in Table 8. 

 

In addition to the major pipe and culvert actions noted above, several existing components of the 

storm sewer system were observed to have deficiencies.  In particular, flow impedances included 

1) material deposition in the pipes or culverts, 2) pipe penetrations that protruded into or crossed 

the pipes or culverts and 3) abrupt changes in pipe cross section or slope, which result in 

turbulence in the pipes or culverts.  Correction of these issues was estimated at $163,000 as 

shown in Table 7. 

 

The proposed improvements, totaling $2,193,200, are expected to prevent flooding in the three 

areas of concern within the Center Street Drainage System, under the influence of storms of 

intensity up to the level of the 10 year frequency storm.  
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A. GENERAL 

 

1. Introduction 

 

The Town of Vienna is located in northern Virginia approximately 12 miles west of 

Washington DC, in Fairfax County, VA.  The first settler to the area, Colonel Charles 

Broadwater, arrived in 1754.  The first recorded house was constructed in 1767 and 

named Ayr Hill, which was also the birthplace in Scotland of the home’s owner, John 

Hunter. The area took the name Ayr Hill until the 1850s when it was changed to Vienna.  

During the Civil War, the Battle of Vienna occurred within the current Town boundaries 

in 1861, and the Union forces were repelled by the Confederacy.   The Town was 

incorporated in 1890 and experienced steady growth until the 1950s, when the population 

surged nearly fivefold.  The population peaked in the 1970 census at 17,146.   

  

The land area of the Town is listed as 4.4 square miles and the 2010 census population 

was 15,687.  With a population density of 3,600 persons per square mile and some 

significant commercial venues, the Town is substantially developed.  Access to the Town 

is primarily via the interstate highway system where interchanges for I-66 and I-495 are 

nearby. 

 

The Town Public Works Department is charged with maintenance of roadways and 

sidewalks, stormwater systems, water and sewer systems, government buildings and 

vehicles.  In addition, the Town administers programs for trash collection, material 

recycling, leaf collection, snow removal, capital improvement projects and building plan 

reviews among others.   

 

2. Purpose of this Report 
 

The Town’s stormwater system is divided into two major watersheds.  One watershed 

drains the southern portion of the Town with an outlet along Nutley Street.  This drainage 

is directed southerly toward Interstate Highway I-66 and crosses the highway enroute to 

the Potomac River through Accotink Creek.  The second watershed drains the central and 

northern areas of the Town with most of the flow being directed along Center Street and 

Mill Street in closed pipes and northwesterly through Piney Branch at Northside Park.  

Piney Branch flows are tributary to Difficult Run and ultimately flow northerly into the 

Potomac River.  Figure 1 is a map showing the major watersheds and the drainage 

courses around the Town of Vienna. 

 

The Center Street drainage area has inadequately handled several storm events in recent 

years.  Flooding is evident at three locations in the area: 

 In moderate storms, flooding first occurs along Center Street at the location of the 

N Condos Building and Starbucks parking lot (Starbucks).   

 In more intense storm events, flooding occurs in the area of the Freeman House 

Museum, at Church Street NW and Dominion Road NE.   
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 Flooding also occurs near the intersection of Mill Street NE and Ayr Hill Avenue 

(Cube Smart Self Storage). 
 

The purpose of this study is to verify existing facility conditions including culvert and 

inlet sizes, materials, elevations and slopes, then to compare the conveyance capacity of 

those facilities to the anticipated stormwater flows generated by a ten year frequency 

storm (the design storm).  Based upon the examination of facilities and calculation of 

flows, system points of insufficient capacity will be identified and recommendations for 

system improvements or other methods of mitigating flows will be offered.  This study is 

related to storm sewer capacity only.  No water quality issues are intended to be 

addressed in this study. 

 

3. Relevant Stormwater Facilities of the Town 

 

Although the Freeman House has received the most attention relative to flooding in the 

Center Street drainage area, it is noted that flooding at Starbucks is generally the first sign 

of storm sewer capacity issues, and is more frequent than flooding at the Freeman House.  

The ponding in all three areas of concern is a result of storm sewer surcharge, rather than 

surface drainage issues.  This is evidenced by the ponding that occurs during a storm 

event and the rapid dissipation of ponded water immediately after the rain intensity 

subsides. This study therefore focuses on the storm sewer capacities relative to storm 

intensity. 

 

The area of study has been defined as the larger storm sewer infrastructure in an area 

extending from the Vienna Shopping Center at Maple Avenue and Lawyers Road NW 

northerly and westerly to Northside Park at the end of Mill Street NE.  Figure 2A 

provides area information relative to the project.  The storm system components 

considered in this report are shown on Figures 2B and 3.  The area of study was divided 

into three “systems,” to allow for realistic modeling of the drainage infrastructure.   

 

In System 1, the primary sewer trunk begins as three 48-inch diameter RCP pipes, then 

changes to three 36-inch by 60-inch box culverts, then to two 70-inch diameter 

corrugated metal culverts, then to one 72-inch diameter RCP pipe and one 54-inch 

diameter pipe with discharges to Outfall 1 and Junction #1 respectively.  The Starbucks 

location is within System 1, near the entry to the two 70-inch corrugated metal culverts.  

The Freeman House Museum is located between System 1 and System 2.   

 

System 2 starts at Junction #1 and continues with three 66-inch diameter RCP pipes, then 

to a 96-inch by 72-inch box culvert and ultimately to a 120-inch by 96-inch box culvert 

before discharging into an open channel (Outfall 2).  Cube Smart Self Storage is located 

within System 2, along the 96-inch by 72-inch box culvert.  

 

System 3 includes the open channel and the flow way to the Piney Branch.  This section 

of channel includes one set of dual concrete box culverts, 120-inch by 72-inch in size, 

beneath the Town Yard entry driveway. 
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4. Past Studies 

 

On three prior occasions, drainage studies have been conducted in response to flooding at 

the Freeman House Museum.  The first study report was issued in October 1993 by Tri-

Tek Engineering of Herndon, Virginia.  This study was restricted to the drainage area 

contributing to the Freeman House property (ditch on the south side of the building) and 

the first segment of culvert piping downstream of this site (across Church Street).  The 

Engineer calculated a drainage area of 342.1 acres, time of concentration of 15 minutes 

and runoff coefficient of 0.54.  The Engineer concluded that the drainage system would 

not carry the flows generated by a storm with two year return frequency.  The Freeman 

House could expect to be flooded on rather frequent occasions.  Corrective actions, which 

were limited to improvements local to the Freeman House, were estimated at $70,000 to 

$80,000. 

 

The second study report was issued in January 2002 by Tri-Tek Engineering.  It was a 

brief pro bono analysis of drainage, again at the site of the Freeman House.  The study 

was limited to only the drainage ditch south of the Freeman House property.  The 

Engineer concluded that the drainage ditch alone would overtop when subjected to flows 

of 250 cubic feet per second (cfs).  To complicate the issues, a large sidestream of flow 

from the south enters the ditch just prior to where the channel flow enters dual culverts.  

This sideflow is disruptive to the hydraulics in the ditch, therefore reducing the ditch 

capacity to something far less than 250 cfs.  The Engineer concluded that a 2 year storm 

(150 cfs) could be conveyed through the ditch in the absence of the side stream.  They 

also concluded that a 10 year storm (360 cfs) could not be conveyed through the ditch in 

its current configuration under any circumstances.  The Engineer requested funding from 

the Town to examine the drainage system in greater detail.  A third study was then 

commissioned. 

 

The third study report was issued in December 2002 by Tri-Tek Engineering.  The study 

reported the following three major factors for the flooding of the Freeman House 

Museum. 

 

 Insufficient channel capacity was noted, since the channel designed for 250 cfs could 

convey the 2 year storm flows, but not the 10 year storm flows.   

 Turbulent flow conditions were blamed, as a result of the volume, location and 

direction of the sidestream flow at the discharge end of the drainage ditch.   

 Downstream issues were also likely a concern in this system.  Based on a variety of 

information, it was thought that the downstream drainage system could not convey 

flows greater than those produced from a 10 year storm.   

 

The report identified a number of corrective actions that could be taken, with corrective 

costs ranging up to $1,000,000 or more.  It is believed the only action taken to date, to 

minimize the flooding concerns at the Freeman House, was the installation of flood-

proofing for the basement of the structure. 
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B. HYDROLOGY 

 

1. Center Street Drainage Area 

 

An accepted method of drainage flow calculation is the “Rational Method,” which uses 

the following equation: 

 

Q = CIA, where 

 Q = Peak flow drainage volume 

 C = Runoff Coefficient 

 I = Rainfall Intensity  

 A = Land Area 

 

The entire Center Street Drainage Area, draining to the dual box culverts under the 

driveway to the Town’s Northside Storage Area, encompasses about 614 acres of land.  

This land has been divided into sub-basin areas and is shown on Figure 4.  The estimated 

area of land from which stormwater is tributary to each major drainage structure is shown 

in Table 1. 

 

The nature of the land use in the drainage area is vital to the calculation of realistic storm 

water flows.  In addition, soil types and land slopes are also factors in the quantity of rain 

water reaching the storm sewer system.  The runoff coefficient C, is used in the 

stormwater calculations to provide an estimate of the impervious nature of the lands.  A 

runoff coefficient of 0.9 indicates an impervious surface.  This runoff coefficient is 

suitable for roof areas, pavements and sidewalks.  Lower runoff coefficients are used for 

more porous soils and vegetative areas.  For example, a forested area may have a runoff 

coefficient of 0.1, indicating that most of the water will be retained on site and will not 

make its way over land to a storm drainage system.  Grassed areas might be given a 

runoff coefficient of 0.2 if they have a considerable amount of sand, which will absorb 

water.  Analysis for this report has used the zoning area land use designations to assign 

the following factors: 

 Roads –       0.90 

 Commercial/High Density Residential –    0.85 

 Low Density Residential -    0.45 

   

2. Contributing Flow Calculations 

 

The time of concentration and rainfall intensity are needed to calculate the total tributary 

flow to each of the major drainage structures.  Time of concentration is a rough measure 

of the time it takes for the initial precipitation at the perimeter of the drainage area to 

enter the drainage system.  Information to determine these factors, for the Town of 

Vienna, is available in two locations.   
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Locally available information includes the Fairfax County Public Facilities Manual, 2011 

printing, and referenced Plates 3-6 and 4-6.    The plates are included in Appendix A.  The 

information in Plate 4-6, uses elevation differences across the drainage area, and the 

longest travel distance for runoff, to arrive at a time of concentration value.  The elevation 

and distance information for the most southern sub-drainage area can be seen on Figure 4.  

Based on time of concentration, Plate 3-6 then yields the rainfall intensity values that need 

to be used for the rational method for determining storm runoff.   

 

The second, and newer resource is from the National Weather Service (NWS).  NWS now 

manages a web page at http://hdsc.nws.noaa.gov/hdsc/pfds/orb/va_pfds.html, which 

provides detailed rainfall intensity data for specific land areas.  The Fairfax County area 

was consulted and intensity data was retrieved for the 2 yr, 5 yr, 10 yr and 25 yr storms.  

The data on these two sites matches pretty well with the NWS showing slightly lower 

intensities for comparable frequency storms.   

 

Using the referenced information, the stormwater runoff to each of the major storm 

structures on the project can be calculated.  Although the design storm is one with a return 

frequency of 10 years, flow rates are being determined for various storms, with return 

frequencies up to 25 years.  As noted previously, the calculation is based on the Rational 

Method formula Q = CIA.   

 

Table 1 provides the drainage areas to each major drainage structure on the project. Table 2 

provides the calculation of the run-off coefficients based on an analysis of each drainage 

area.  The calculated storm flow rates are provided in Tables 3, 4, 5 and 6.   

 

 

Table 1 

Drainage Areas for Major Structures 

 

Subdrainage Area Elevation 

Difference 

(ft.) 

Maximum 

Travel 

Length 

(ft.) 

Time of 

Concen-

tration 

(minutes) 

Contributing 

Drainage 

Area (Acres) 

Tributary 

Drainage 

Area 

(Acres) 

MH150/DI 151 80 3,700 20 161.4 161.4 

CI 138 (east) 80 3,300 17 43.0 209.3 

CI 138 (west) 56 900 5 4.9 

NAPA MH (east) 80 3,800 20 52.2 266.5 

NAPA MH (west) 68 800 <5 5.0 

Outfall 1/Junc #1 80 4,000 21 62.0 328.5 

MH 120 (north) 70 1,600 8 40.0 387.2 

MH 120 (south) 65 1,500 8 18.7 

Outfall 2 (north) 55 600 <5 120.0 516.2 

Outfall 2 (south) 95 4,000 20 9.0 

Town Yard (north) 95 2,600 13 75.0 614.2 

Town Yard (south) 90 1,400 7 23.0 

 

http://hdsc.nws.noaa.gov/hdsc/pfds/orb/va_pfds.html
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Table 3 

Storm Flows for 2-yr Frequency Storm 

 

Structure 

Designation 

Drainage Area 

(Acres) 

Accumulated 

Runoff 

Coefficient 

Rainfall 

Intensity 

(in/hr) 

Tributary 

Runoff (cfs) 

MH 150 161.4 0.57 3.04 279.7 

CI 138 209.3 0.57 3.00 357.9 

NAPA 266.5 0.56 2.97 443.2 

Junction #1 328.5 0.56 2.96 544.5 

MH 120 387.2 0.57 2.95 651.1 

Outfall #2 516.2 0.57 2.82 829.7 

Town Yard 614.2 0.56 2.80 963.1 

 

 

Table 4 

Storm Flows for 5-yr Frequency Storm 

 

Structure 

Designation 

Drainage Area 

(Acres) 

Accumulated 

Runoff 

Coefficient 

Rainfall 

Intensity 

(in/hr) 

Tributary 

Runoff (cfs) 

MH 150 161.4 0.57 3.60 331.2 

CI 138 209.3 0.57 3.56 424.7 

NAPA 266.5 0.56 3.53 526.8 

Junction #1 328.5 0.56 3.52 647.5 

MH 120 387.2 0.57 3.51 774.7 

Outfall #2 516.2 0.57 3.36 988.6 

Town Yard 614.2 0.56 3.34 1,148.8 

 

 

Table 5 

Storm Flows for 10-yr Frequency Storm 

 

Structure 

Designation 

Drainage Area 

(Acres) 

Accumulated 

Runoff 

Coefficient 

Rainfall 

Intensity 

(in/hr) 

Tributary 

Runoff (cfs) 

MH 150 161.4 0.57 4.03 370.8 

CI 138 209.3 0.57 3.99 476.0 

NAPA 266.5 0.56 3.96 591.0 

Junction #1 328.5 0.56 3.95 726.6 

MH 120 387.2 0.57 3.94 869.6 

Outfall #2 516.2 0.57 3.86 1,135.7 

Town Yard 614.2 0.56 3.78 1,300.1 
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Table 6 

Storm Flows for 25-yr Frequency Storm 

 

Structure 

Designation 

Drainage Area 

(Acres) 

Accumulated 

Runoff 

Coefficient 

Rainfall 

Intensity 

(in/hr) 

Tributary 

Runoff (cfs) 

MH 150 161.4 0.57 4.57 420.4 

CI 138 209.3 0.57 4.53 540.4 

NAPA 266.5 0.56 4.50 671.6 

Junction #1 328.5 0.56 4.48 824.1 

MH 120 387.2 0.57 4.47 986.5 

Outfall #2 516.2 0.57 4.39 1,291.7 

Town Yard 614.2 0.56 4.30 1,479.0 

 

C. HYDRAULICS 

 

1. Characterization of the Existing Storm Sewer System 

 

To locate and understand the structures and pipelines included in the storm sewer system, 

a land survey firm (BC Consultants) and subsurface utility locating firm (Mid Atlantic 

Utility Locating) were engaged to gather data sufficient to define the sizes of structures 

and pipes, the slopes of pipes and box culverts, and locations of bends and other relevant 

features of the facilities.  The survey was conducted along the primary trunk of the storm 

sewer system and from the outlet of the system along Mill Street, through open channels 

into Northside Park.  The information was used to plot the facilities in plan view, Figures 

2A, 2B and 3, and to develop the system profiles shown on Figures 5 & 6. 

 

Layout drawings of each structure in the primary trunk of the system were prepared by 

Mid Atlantic Utility Locating (MAUL).  These are included in Appendix B.  In addition, 

MAUL performed a walk-through inspection of storm sewers and box culverts 60-inch in 

diameter/height or greater.  Distances were measured to system bends, inlet locations for 

storm infrastructure, and items which have an impact on stormwater flow.  Interior 

survey work was completed to establish invert elevations of the system between inlet and 

outlet points.  The inspection was photo-documented to provide a good understanding of 

the system.  Some example photos are included in Appendix C.  MAUL also had a 

subconsultant, Pipe Vision, who televised storm sewers and box culverts less than 60-

inches in diameter/height.  Documentation provided in this phase of the work is attached 

to this report in Appendix D. 

 

The information gathered in this phase of the work was used to develop working models 

of the storm sewer system.  Individual models were developed for System 1 (pipe 

network from the Vienna Shopping Center to Freeman House), System 2 (culverts from 

Freeman House to Outfall 2) and System 3 (natural drainage channel from Outfall 2 to 

Piney Branch including dual 120-inch by 72-inch box culverts). 
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2. Storm Sewer Models 

 

System 1 is the storm sewer system which drains to the existing ditch at the Freeman 

House (Outfall 1), as shown in Figures 2A, 2B & 3.  System 1 was modeled separately 

from System 2 due to the inability of the model to maintain continuity through a free 

outfall and difficulties in modeling parallel pipes of two different sizes.  Modeling was 

completed using Geopak software and a spreadsheet calculator developed by Whitman, 

Requardt & Associates.  The System 1 model considered stormwater facilities from 

existing MH 150/151 to the existing ditch at Outfall 1.  The results of modeling for 

System 1, in its existing configuration, are shown in Appendix E.  In addition to the 

runoff from System 1, the existing ditch at the Freeman House also conveys off-site 

runoff from the sub-drainage basin to the northeast.  The ditch conveys off-site flows of 

101.3 cfs and 135.6 cfs respectively for 2-year and 10-year storm events. The flows are 

tabulated from Tables 3 and 5 (544.5 cfs – 443.2 cfs & 726.6 cfs – 591.0 cfs).  As shown 

on the storm sewer computations, the system is inadequate from CI 138 to Outfall 1 and 

is substantially controlled by backwater from the downstream drainage system (System 2 

and existing ditch at Outfall 1).  The ditch should convey these flows if backwater can be 

reduced. 

 

System 2 is modeled as a traditional storm sewer system using Geopak software and a 

spreadsheet calculator developed by Whitman, Requardt & Associates.  It consists of a 

series of pipes and box culverts, as shown in Figure 3.  The system begins at the Freeman 

House and ends at the existing open channel identified as Outfall 2, downstream of the 

120-inch by 96-inch box culverts.  The results of modeling for System 2 are shown in 

Appendix E.  As shown on the storm sewer computation, the system is adequate to 

convey the 10 year storm runoff, however, with the calculated tailwater condition from 

the HEC-RAS model in System 3 (see next section), the water surface elevation exceeds 

structure tops in a few locations.  Under this condition, the Hydraulic Grade Level (HGL) 

analysis reinforces the finding that the upstream water surface elevations at the existing 

ditch (Outfall 1) and throughout System 1 are controlled by the downstream 96-inch by 

72-inch box culvert in System 2. 

 

3. HEC-RAS Model 

 

Using the spatial information gathered in the previous work phase, HEC-RAS software is 

used to determine the tailwater condition of the Center Street drainage infrastructure.  

The 2 year, 10 year, and 25 year storm events for the drainage area are used to determine 

the capacity of the existing downstream channel.  Approximately 900 feet of existing 

channel has been analyzed.  The dual 120-inch by 72-inch box culverts on the Town Yard 

property are also included in this model.  The channel bed and bank conditions are taken 

from the site survey.  Based on site visits, some minor irregularities were observed in the 

outfall channel.  Observations included piping across the channel, uneven surfaces along 

the channel walls (which may increase turbulence in the flow) and positive and negative 

grades at the floor of the channel.  These elements in the channel could reduce the flow 

capacity of the channel to a level lower than predicted by the model.  The HEC-RAS 
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output data, cross section location map, and cross sections of the channel are shown in 

Appendix F. 

 

The results of the model were recorded and used in the upstream storm sewer system 

(System 2).  Based on the results of the HEC-RAS data, the existing downstream channel 

and 120-inch by 72-inch box culverts are able to convey the 10 year storm event, but will 

not be able to convey the 25 year storm runoff. 

 

D. FINDINGS 

 

1. Storm Sewer Conditions and Flow Factors Observed 

 

The model assumptions noted in the previous sections result in a determination of certain 

sewer/culvert capacities for each section of the storm sewer system under ideal 

conditions.  Among the factors that negatively impact flow capacity are the following: 

 

i. Material deposits in the system, such as gravel, sand, debris, construction materials, 

tools etc, 

ii. Pipe penetrations that protrude into the system enough to interfere with the flow 

pattern, 

iii. Pipes installed in the system across the flow path, 

iv. Changes in slope of pipes/culverts between inlets and outlets, 

v. Abrupt changes in cross-sections of box culverts or pipes, and/or 

vi. Turbulent transitions from pipes/culverts into structures or from structures into 

pipes/culverts. 

 

Several of these conditions have been documented in the inspection of the Center Street 

Storm Sewer System.  A general account of observations and the internal sewer 

conditions follows and are provided in greater detail in Appendices B, C and D: 

 

DI 152 to DI 151 – This section of the storm sewer is a 48-inch diameter reinforced 

concrete pipe.  Pipe defects included: 

 

i. Deposition of solids in one area, blocking about 10% of the flow area, and  

ii. Pipe deformation of 10% of the cross sectional area. 

 

MH 150/DI 151 to CI 138 – This section of the storm sewer system includes three 

parallel outlet box culverts each sized at 60-inches wide by 36-inches high.  The overall 

cross-section area of the outlet culverts is 45 square feet.  The inlets to structure MH 

150/DI 151 include three 48-inch diameter and one 42-inch diameter culvert pipes with 

total cross-section area of about 47 square feet.  The inlet conduits were not inspected.   

 

Since the outlet box culverts are only three feet in height, each outlet section was 

inspected by TV camera. 
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The western 60-inch by 36-inch culvert showed the following concerns: 

 

i. 8-inch tap into pipe, penetrating 24-inches into the flow path. 

 

The middle 60-inch by 36-inch culvert revealed the following: 
 

i. Cracking near the pipe crown, within 8-inches of an existing pipe joint. 

 

The eastern 60-inch by 36-inch culvert had the following issues: 
 

i. Deposits settled in three distinct areas, obstructing the pipe flow at the invert, 

possibly as much as 25%, 

ii. Pipe materials are present at the invert of the pipe, obstructing the pipe flow possibly 

as much as 10%, and 

iii. Various size taps (3 each) into pipe, 8-inch to 36-inch in diameter, penetrating up to 

18-inches into the flow path. 
. 

CI 138 to NAPA Manhole – CI 138 receives the flow from the three 60-inch by 36-inch 

culverts and one 42-inch diameter culvert pipe.  The overall inlet cross-section area is 

nearly 55 square feet.  The 42-inch diameter inlet pipe was not inspected. The outlets 

from CI 138 include two parallel 70-inch diameter culvert pipes.  The cross-section area 

of the pipes totals 53.5 square feet.  The reduction in flow area from inlet to outlet is a 

potential concern.  The other feature that is a concern in CI 138 is the horizontal offset of 

the inlet box culverts from the outlet pipes.  As flow enters the structure it is delivered 

against the opposite wall of the structure and needs to change direction twice in order to 

enter the 70-inch diameter pipes.  The 70-inch diameter pipes remain parallel until they 

outlet at the NAPA Manhole. 

 

The 70-inch diameter corrugated metal pipes were inspected via walk-through.  The 

eastern barrel inspection revealed the following issues in the pipe, as it was walked 

northerly from CI 138: 
 

i. 81 feet – Rocks at the invert. 

ii. 117 feet – 8 ft section of cast iron pipe at the invert. 

iii. 132 feet – A covered vault where both 70-inch diameter pipes enter and leave. 

iv. 150 feet – Pipe damage at 5 o’clock position. 

v. 159 feet – Pipe damage and debris at the invert. 
 

The western barrel inspection revealed some issues as well, as it was walked northerly 

from CI 138: 

 

i. 39 feet – Debris at the invert. 

ii. 92 feet – Debris at the invert. 

iii. 129 feet – A covered vault where both 70-inch diameter pipes enter and leave. 
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NAPA Manhole to Freeman House – At the NAPA Manhole, the inlets consist of the 

two parallel 70-inch diameter culvert pipes (53.5 square feet).  The outlets include one 

72-inch diameter RCP pipe that discharges into the drainage channel immediately 

adjacent to and south of the Freeman House (Outfall 1).  The second pipe is a 54-inch 

diameter pipe which goes to CI 128 then crosses from the east side of Church Street to 

the west side and enters a large structure (Junction #1) where the flow is combined with 

the flow from the drainage channel south of the Freeman House (See Figure 3).  The 

Church Street crossing is reported to be 66-inches in diameter and constructed of rock 

cobbles.  The combined area of the 72-inch and 54-inch diameter pipes is 44.2 square 

feet.  This reduction in flow area is a concern in the capacity of the system.   

 

The 72-inch diameter pipe was inspected via walk-through.  The 54-inch diameter pipe 

and 66-inch diameter rock culvert were not inspected except for the ends, where they 

could be reasonably accessed.  The culvert, constructed of rock cobbles, has lost virtually 

all mortar between stones and did not appear safe for entry.  No issues were noted in 

these lengths of storm sewer. 

 

Freeman House to Junction #1 – From the drainage channel at the Freeman House, one 

108-inch by 72-inch arch culvert and one 60-inch diameter culvert pipe take storm water 

westerly across Church Street to meet with Junction #1.  The overall outlet cross-section 

area is approximately 62 square feet.  This seems quite small considering that one of the 

70-inch diameter culvert pipes from CI 138 and several other significant flows are 

entering the drainage channel prior to flow entering the storm sewer system. 

 

Junction #1 receives flow from the 108-inch by 72-inch arch culvert and the 60-inch 

diameter culvert pipe described above along with the 66-inch diameter rock culvert from 

CI 128.  In addition, flow enters this structure from local storm water collectors sized at 

24-inch diameter and 18-inch diameter.  The overall cross-section area of inlet pipes 

appears to be about 86 square feet.  It is noted that the arch culvert and 60-inch diameter 

culvert pipe are of corrugated metal construction.  The 66-inch diameter pipe from CI 

128 enters the structure as rock construction. 

 

The two conduits between the drainage channel and Junction #1 were inspected via walk-

through.  No physical issues were noted in these lengths of storm sewer.   

 

Junction #1 to MH 120 – This section of storm sewer consists of three parallel 66-inch 

diameter culvert pipes.  The cross-section area is roughly 71 square feet.  Like some of 

the other outlet culverts discussed prior, this flow area seems small given the areas of the 

inlet pipes. 

 

At MH 120, flow is received from the three parallel 66-inch diameter pipes as well as 

local collectors sized at 27-inch diameter and 20-inch diameter.  The overall inlet cross-

section area at MH 120 is about 77 square feet. 

 

The three 66-inch diameter pipes were inspected via walk-through.  The pipes were found 

to be in reasonably good condition.  Each pipe was walked from MH 120 easterly to 
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Junction #1.  The inspection revealed concerns only on the middle of the three pipes: 
 

i. 522 ft – Debris at the invert of pipe  

  

MH 120 to Outfall 2 – At MH 120, outlet flow is released through a 96-inch wide by 72-

inch high box culvert.  According to the survey, the culvert remains this size for about 

414 feet before it transitions to a 120-inch wide by 96-inch high box culvert.  At MH 120 

the flow cross-section is only 48 square feet, later transitioning to 80 square feet.  The 

larger culvert runs for 732 feet to its discharge into a constructed drainage channel 

leading to Piney Branch (Outfall 2). 

 

This long box culvert was inspected via walk-through.  The inspectors entered the outfall 

end of the system and walked toward MH 120.  The inspection revealed the following 

issues in the 120-inch by 96-inch section of the culvert, some issues being of very 

significant concern: 
 

i. 205 ft – Gas main crosses at a high elevation 

ii. 289 ft – Ductile iron main crosses at mid height elevation  

iii. 357 ft – Galvanized steel pipe crosses at a high elevation  

iv. 440 ft – Steel pipe crosses at a high elevation  

v. 521 ft – Ductile iron main crosses at mid height elevation 

vi. 569 ft – Steel pipe crosses at a high elevation  

vii. 572 ft – Ductile iron main crosses at a high elevation 

viii. 596 ft – Ductile iron main crosses at mid height elevation 

 

The inspection in the 96-inch by 72-inch section of the culvert revealed the following: 
 

i. 839 ft – Cast iron pipe protrudes into flow cross section 

 

Outfall 2, Town Yard and Piney Branch – Once the stormwater is released from the 

120 inch wide by 96 inch high box culvert, it travels through a major drainage ditch at the 

end of Mill Street enroute to Piney Branch.  Except for minor issues including one pipe 

crossing, uneven sidewalls and the positive and negative grade of the channel bottom, the 

ditch to the Town Yard is relatively clear of restrictions.  At the same time, it is important 

to note that open flow channels are vulnerable to issues in the flow path such as downed 

trees, gradual buildup of sediments and dumping of unauthorized materials.  Any one of 

these issues can occur at any time.  Occasional inspection of this section of the 

stormwater system is recommended to minimize occurrences for flow restrictions in this 

area which in turn could impact the enclosed storm sewer system capacity. 

 

2. Results of the Capacity Analysis 

 

The flow capacity of portions of the existing storm sewer system is insufficient to carry 

the stormwater calculated for a 10 year frequency storm.  This conclusion is based upon 

the model analysis, which assumes flow conditions in each section of the storm sewer are 

unimpeded and transitions between sections are relatively smooth.  The capacity of each 

section of storm sewer is shown in Appendices E & F.  Two areas of the 
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system are restrictive in passing the anticipated flows from a 10 year frequency storm. 

 

Specific observations include the following.  

 

i. The two 70-inch diameter culverts from CI 138 to the NAPA manhole are too small 

to carry the 10 year storm flow. 

ii. The one 72-inch diameter culvert from the NAPA manhole to the Freeman House 

drainage ditch (Outfall 1) and the parallel 54-inch/66-inch diameter culverts from the 

NAPA manhole to Junction #1, are too small to carry the 10 year storm flow. 

iii. The flow from the 72-inch diameter culvert from the NAPA manhole to the Freeman 

House drainage ditch (Outfall 1) is disruptive to the flow entering the drainage ditch 

from the east and flowing toward the culverts beneath Church Street. 

iv. The 96-inch by 72-inch box culvert from MH 120 to DIR 2073 is too small to carry 

the 10 year storm flow. 

v. Outfall 2, feeding Piney Branch, marginally has the capacity to carry the 10 year 

storm flow.  The tailwater at the outfall of the 120-inch by 96-inch storm culvert is 

approximately at the top of the culvert. 

 

E. ALTERNATIVES 

 

1. Overview of Alternatives 

 

Alternatives have been reviewed with the intent to improve the Center Street Storm 

Sewer System to handle the flow from the 10 year frequency storm.  Each successful 

alternative must prevent flooding (overtopping of the stormwater system) at the 

Starbucks, at the Freeman House, and at Cube Smart Storage during the 10 year storm.  

The following paragraphs provide the overview of alternatives considered, and Figures 

7A, 7B, 7C and 8 map the alternatives. 

 

Storm Sewer Conditions – The sewer walk-through and televising tasks identified a 

number of issues of concern, which result in flow turbulence and loss of capacity in the 

storm sewers.  Flow obstructions should be removed to improve system capacity. 

 

System 1 Capacity – It was found that infrastructure from CI 138 to Outfall 1 and 

Junction #1 is insufficient for the ten year storm.  An in-place replacement alternative has 

been identified.  Replacement of all infrastructure from CI 138 to Junction #1 can be 

accomplished using three 72-inch diameter corrugated metal culverts, two 72-inch 

diameter concrete culverts or a single 96-inch by 72-inch concrete box culvert.  This is 

System 1 – Alternative 1, shown on Figure 7A.  A re-routing alternative will involve 

installation of a single 96-inch by 72-inch concrete box culvert along a route away from 

the existing storm sewers.  A high potential location for this alternative storm sewer 

would be from CI 138 northerly running behind the buildings on the west side of Maple 

Avenue, then westerly parallel to the ditch alongside the Freeman House.  This 

alternative would also parallel the storm infrastructure under Church Street and connect 

to Junction #1.  This alternative will require the Town to obtain easements along the 

construction corridor, and is identified as System 1 – Alternative 2, shown on Figure 7B.  
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The last alternative preserves the two existing 70-inch culverts by lining them from CI 

138 to the NAPA MH, then extending two 72-inch diameter culverts from the NAPA MH 

to Junction #1.  This is System 1 – Alternative 3, shown on Figure 7C.  

 

System 2 Capacity – In this section, the section of 96-inch by 72-inch box culvert just 

downstream of MH 120 is very restrictive in capacity.  The required alternative is to 

increase capacity of this section of the system and includes an in-place replacement of the 

section with 120-inch by 96-inch box culvert or installation of a parallel box culvert sized 

at 96-inch by 72-inch.  This is System 2 – Alternative 1. 

 

System 3 Capacity – This section of the system has been shown to be adequate under the 

flows imposed by the ten year frequency storm.  No alternative improvements for 

capacity have been identified in this area. 
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2. Storm Sewer Condition Improvements 

 

Only one alternative has been considered for the correction of conditions which inhibit 

flow in the sewers.  Estimated costs for removal of flow obstructions and correction of 

observed concerns with the existing features of the storm sewer system have been 

prepared.  The concerns identified in the previous section are itemized for costs in the 

following table: 

 

Table 7 

Engineer’s Opinion of Cost 

Correction of Existing Concerns 

 

Item Quantity Units Cost per Unit Total 

48-inch Diameter Culvert from DI 152 to DI 151 

Remove 

Deposits 

0.5 CY $2,000 $1,000 

Subtotal for 48-inch Diameter Culvert $1,000 

 

60-inch by 36-inch Box Culverts MH150 to CI138 

Remove Pipe 

Tap 

Extensions 

4 EA $500 $2,000 

Remove 

Debris 

2 CY $2,000 $4,000 

Remove Pipe 1 EA $200 $200 

Subtotal for 60-inch by 36-inch Box Culverts $6,200 

 

70-inch Diameter Culverts from CI 138 to NAPA Manhole 

Remove 

Rocks 

0.5 CY $2,000 $1,000 

Remove CI 

Pipe 

1 EA $200 $200 

Repair Pipe 

Damage 

2 EA $1,500 $3,000 

Remove 

Debris 

1 CY $2,000 $2,000 

Subtotal for 70-inch Diameter Culverts $6,200 

 

66-inch Diameter Culverts from Junction #1 to MH 120 

Remove 

Debris 

0.5 CY $2,000 $1,000 

Subtotal for 66-inch Culverts $1,000 
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96-inch by 120-inch and 72-inch by 96-inch Box Culverts 

Relocate gas, 

and steel 

mains 

4 EA $8,000 $32,000 

Relocate CI 

and DI Mains 

5 EA $10,000 $50,000 

Subtotal for Box Culverts $82,000 

 

Total of Corrective Actions on Existing Infrastructure $96,400 

Contingency (15%) $14,500 

Planning, Engineering, Legal & Miscellaneous Costs (25%) $24,100 

Total Estimated Project Cost $135,000 

 

 

3. System 1 Capacity Alternatives 

 

The section of storm sewer system from CI 138 to Outfall 1 and Junction #1 is under 

capacity.  In considering improvements for System 1, an initial objective is to try to save 

the two existing 70-inch diameter corrugated metal culverts between CI 138 and the 

NAPA manhole.  The inspection of this section of sewer indicated that the invert of the 

existing culverts had severe corrosion in several locations, thereby limiting the ability to 

reuse these sections of sewer.  Just the same, there may be potential here to install a liner 

in the existing pipes, which can restore structural integrity to the sewers.  This alternative 

is considered as Alternative 3 in this section.   

 

The situation where System 1 introduces turbulent flow into the drainage ditch adjacent 

to the Freeman House (Outfall 1) will continue to reduce the capacity of the ditch and 

increase risk of flooding under the design storm conditions.  In addition, flooding at the 

Starbucks location in System 1 will continue to be a problem unless improvements are 

made between CI 138 and the Freeman House and Junction #1.  As part of the program of 

work in System 1, this disruptive discharge at Outfall 1 should be removed. 

 

Alternative 1 is for the full replacement of the dual 70-inch diameter culverts from CI 

138 to the NAPA manhole.  This replacement could be completed using three 72-inch 

diameter corrugated metal culverts, two 72-inch diameter precast concrete pipes or a 

single 96-inch by 72-inch concrete box culvert, installed in the existing location of the 

two 70-inch diameter corrugated metal culverts.  In addition, the 72-inch diameter culvert 

from the NAPA manhole to the drainage ditch (Outfall 1), 54-inch diameter culvert from 

the NAPA manhole to CI 128, and the 66-inch diameter rock culvert from CI 128 to 

Junction #1, would be replaced in similar manner.  The increased size of facilities and the 

direct infusion of flow into the System 2 piping system will be beneficial to the Freeman 

House and Starbucks, both having previously experienced frequent flooding.  The 

following cost estimate has been prepared for this alternative. 
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Table 8 

Engineer’s Opinion of Cost 

System 1 – Alternative 1 

 

Item Quantity Units Cost per Unit Total 

Remove  Two Existing 

70-inch Culverts 

338 LF $100 $33,800 

Remove One 72-inch 

Culvert 

174 LF $75 $13,050 

Remove One 54/66-inch 

Culvert 

200 LF $75 $15,000 

Modify CI 138 100 SF $200 $20,000 

Modify NAPA Manhole 100 SF $200 $20,000 

Rebuild CI 128 150 SF $200 $30,000 

Modify Junction #1 100 SF $200 $20,000 

Install Replacement 

Culverts 

538 LF $1,000 $538,000 

Utility Relocations 1 LS $50,000 $50,000 

Pavement Restoration 860 SY $80 $68,800 

Subtotal $808,650 

Contingency (15%) $121,350 

Engineering, Legal, Miscellaneous (25%) $202,200 

Total Estimated Project Cost $1,132,200 

 

 

Alternative 2 is for the installation of two 72-inch by 72-inch precast concrete box 

culverts from CI 138 to Junction #1.  The storm sewer will be installed along a separate 

route, and an easement for the utility will be required.  This box culvert will be similar in 

carrying capacity to the replacement alternatives identified above.  The better flow 

characteristics and the direct infusion of flow into the System 2 piping system will be 

beneficial to the Freeman House and Starbucks, both having previously experienced 

frequent flooding.  Two advantages of this alternative are: 

 Construction can occur with no interruption in the operation of the existing 

culverts, and 

 The existing culverts can be kept in service after construction for some period of 

time, which will offer some temporary additional hydraulic benefit to the system 

in either conveyance or retention of flow.  The Town may also consider 

constructing one box culvert initially, until existing infrastructure needs to be 

taken out of service. 

The following cost estimate has been prepared for this alternative on the basis that the 72-

inch by 72-inch concrete culverts would be constructed along the back of buildings on the 

west side of Maple Avenue, and parallel  to the ditch on the south side of the Freeman 

House.  
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Table 9 

Engineer’s Opinion of Cost 

System 1 – Alternative 2 

 

Item Quantity Units Cost per Unit Total 

Modify CI 138 200 SF $200 $40,000 

Modify Junction #1 200 LF $200 $40,000 

Install Two 72-inch by 

72-inch Box Culverts 

691 LF $900 $621,900 

Utility Relocations 1 LS $100,000 $100,000 

Pavement Restoration 1,150 SY $80 $92,000 

Subtotal $893,900 

Contingency (15%) $134,100 

Engineering, Legal, Miscellaneous (25%) $223,500 

Total Estimated Project Cost $1,251,500 

  

 

Alternative 3 preserves the use of the existing two 70-inch diameter corrugated metal 

culverts from CI 138 to the NAPA manhole.  This section of culverts can be lined in 

place using an insertion material supplied by a manufacturer such as Insituform, Inc.  In 

addition, the 72-inch diameter culvert from the NAPA manhole to the drainage ditch 

(Outfall 1), 54-inch diameter culvert from the NAPA manhole to CI 128, and the 66-inch 

rock culvert from CI 128 to Junction #1, would be replaced with two 72-inch diameter 

concrete pipes from the NAPA manhole directly to Junction #1.  After lining the pipe, the 

carrying capacity of the two corrugated metal pipes will be similar to the replacement 

culverts shown in the previous Alternative 1.  The better flow characteristics and the 

direct infusion of flow into the System 2 piping system will be beneficial to the Freeman 

House and Starbucks, both having previously experienced frequent flooding.  The 

following cost estimate has been prepared for this alternative on the basis that the 

infrastructure would be lined in place from CI 138 to the NAPA MH and would be 

replaced from the NAPA MH to Junction #1.  
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Table 10 

Engineer’s Opinion of Cost 

System 1 – Alternative 3 

 

Item Quantity Units Cost per Unit Total 

Remove One 72-inch 

Culvert 

174 LF $75 $13,050 

Remove One 54/66-inch 

Culvert 

200 LF $75 $15,000 

Modify NAPA Manhole 100 SF $200 $20,000 

Rebuild CI 128 150 SF $200 $30,000 

Modify Junction #1 100 SF $200 $20,000 

Install 2 Precast 72-inch 

Concrete Culverts 

200 LF $1,000 $200,000 

Line Existing 70-inch 

CMP Culverts 

676 LF $700 $473,200 

Utility Relocations 1 LS $30,000 $30,000 

Pavement Restoration 310 SY $80 $24,800 

Subtotal $826,050 

Contingency (15%) $123,950 

Engineering, Legal, Miscellaneous (25%) $206,500 

Total Estimated Project Cost $1,156,500 

 

4. System 2 Capacity Alternatives 

 

The storm sewer section exhibiting the highest head losses in the system is the 414 foot 

section of undersized box culvert just downstream of MH 120.  This section is 96-inches 

by 72-inches and releases its flow to a properly sized, 120-inch by 96-inch box culvert.  

Under the flows calculated for a 10 year frequency storm, it is projected that the upstream 

end of this section, MH 120, will be flooded, and flooding will very easily be transferred 

upstream to the area around the Freeman House.  This section should be paralleled or 

replaced with a box culvert to create an equivalent or greater flow area to the larger box 

culvert downstream of this section.  The following alternative has been considered, for 

increasing the size of the box culvert. 

 

Alternative 1 proposes the replacement of the existing section of 96-inch by 72-inch box 

culvert with a culvert equal in size to the downstream culvert, 120-inch by 96-inch or 

paralleling of this section of box culvert with an equivalently sized box culvert.  The need 

to provide temporary flow bypassing of this section of the system during construction. 
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The following cost estimate has been prepared for this alternative. 

 

Table 11 

Engineer’s Opinion of Cost 

System 2 – Alternative 1 

 

Item Quantity Units Cost per Unit Total 

Remove Existing 96-

inch by 72-inch Culvert 

414 LF $100 $41,400 

Bypass Pumping 120 Days $1,000 $120,000 

Install New 120-inch 

by 96-inch Culvert 

414 LF $1,000 $414,000 

Utility Relocations 1 LS $30,000 $30,000 

Pavement Restoration 450 SY $80 $36,000 

Subtotal $641,400 

Contingency (15%) $96,200 

Engineering, Legal, Miscellaneous (25%) $160,400 

Total Estimated Project Cost $898,000 

 

5. Retention Facilities 

 

An alternate means of controlling storm flow is through the use of in-line or side-line 

retention.  This method allows for stormwater flow peaks to be “shaved,” as stormwater 

is diverted from the sewer system and held in retention ponds or tanks until stormwater 

flows subside, at which point, the stored flow is returned to the storm sewer.  The use of 

retention facilities can effectively reduce the size of storm sewers needed to convey storm 

flows.  Conversely, retention can provide a system with increased flood protection and 

allow for the system to absorb higher intensity storms than might otherwise be possible.  

The detailed analysis and sizing of specific stormwater retention facilities is beyond the 

purview of this report.  However, this report contains information sufficient to provide 

some cursory sizing.   

 

Since the alternatives have been established on the basis of preventing flooding from a 10 

year frequency storm, it is noted that System 1 will be able to pass up to 750 cfs (see 

Table 5), and System 2 will be able to pass up to 1,170 cfs (see Table 7) during the 10 

year storm.  Also, in the same table references, it is observed that the 25 year storm will 

produce 822 cfs and 1,293 cfs respectively.  To effectively store stormwater in excess of 

the 10 year storm, the system should have retention that will provide 30 minutes or 

greater holding capacity for the flow difference (1,293 cfs – 1,170 cfs), or 123 cfs.  The 

volume required would be about 110,700 cf.  At five feet deep, a retention basin would 

need to be 150 feet square, or about 0.5 Acres.   

 

As this report was compiled, a number of potential retention sites were identified.  Since 

the sites are generally located on private property, and most are beneath parking lots, 

access to and use of these sites may be problematic.  Such sites may become available 

during property transfers or negotiations between the Town and property owners.  The 
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Town may elect to monitor these sites, and other potential candidate sites, for future use, 

should further stormwater improvements be desired or needed.   

 

F. CONCLUSIONS AND RECOMMENDATIONS 

 

1. Conclusions 

 

As noted above, improvements designed to pass the flows from a 10 year frequency 

storm can perform properly only if the system is clear of obstructions.  Therefore, it is 

recommended that the Town remove any utilities, debris and other items that are 

obstructions to the flow.  The Engineer’s Opinion of Probable Project Cost was shown in 

the previous section at $135,000. 

 

Even with clean sewers, the flow capacity in the piped portion of the system is lacking in 

two general areas.  Sewer system improvements will be needed if the system is expected 

to move the flows resulting from a 10 year frequency storm, without undue flooding.  

Three alternatives were examined for improvement of System 1 and one alternative was 

reviewed for System 2. 

 

No specific corrections were identified for System 3, open channel and downstream flow 

to Piney Branch.  The initiative here will be oriented toward keeping the flow channel 

clear of obstructions and debris.  At the same time, some improvement can be made in 

the carrying capacity of the ditch by keeping the brush trimmed back and contouring the 

ditch so that it has a continuous downslope and relatively smooth sides as it makes its 

way from Outfall 2 to Piney Branch.  A Town maintenance program, with a small annual 

budget, for this section of the system would provide some benefit to the upstream 

drainage. 
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Summary of Alternatives – The alternatives are summarized in Table 12. 

 

Table 12 

Summary of Alternatives 

  

System 1 – Culverts Upstream of Freeman House 

Condition Adequate 

Capacity? 

Improvement 

Identified 

Projected 

Cost 

Financing Recommended 

Plan 

Existing No None $0 $0  

Alternative 

1 

Yes Replace 2 - 70-

inch Corrugated 

Metal Pipes 

$1,132,200 Capital   

X 

Alternative 

2 

Yes Two 72-inch by 

72-inch Box 

Culverts 

$1,251,500 Capital  

Alternative 

3 

Yes Structural Liner 

for Existing 

Pipes 

$1,156,500 Capital  

 

System 2 – Culverts Downstream of Freeman House 

Condition Adequate 

Capacity? 

Improvement 

Identified 

Projected 

Cost 

Financing Recommended 

Plan 

Existing No None $0 $0  

Alternative 

1 

Yes Replacement 

120-inch by 96-

inch Box Culvert 

$898,000 Capital   

X 

 

System 3 – Open Channel 

Condition Adequate 

Capacity? 

Improvement 

Identified 

Projected 

Cost 

Financing Recommended 

Plan 

Existing Yes     

Proposed Yes Additional 

Maintenance 

N/A Annual 

Budget 

X 

 

2. Recommendations 

 

For System 1, the least cost alternatives are in-place replacement of two 70-inch diameter 

corrugated culvert sections (Alternative 1) and a structural liner for the existing 70-inch 

culverts (Alternative 3).  These alternatives come with the disadvantage of the route for 

the existing drainage.  Existing culverts are beneath or near existing structures and they 

are routed across the town block in a way that may minimize the future development 

potential of this area.  An option with better routing is proposed in Alternative 2, which 

proposes to install two 72-inch by 72-inch concrete box culverts in a new location, 

coordinated to consider the local development plans.  The additional estimated cost of 

this alternative is $100,000 to $120,000.  Considering Alternatives 2 and 3, the 

advantages and disadvantages can be used to evaluate options.  For example, 
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Alternative 2 will result in entirely new facility, where Alternative 3 leaves some 

deteriorated existing facility in place.  Alternative 3 has the advantage of least impact to 

lands, since much of the pipe can be lined without extensive excavation. 

 

For System 2, the alternative considered is replacement of the 96-inch by 72-inch box 

culvert with larger box culvert.   

 

Based on cost, reliability and longevity, the following is recommended to upgrade the 

Center Street Drainage System for capacity and to convey the projected flows from the 

10 year frequency storm:   

 

 Assign an annual maintenance budget for the open channel upstream of Piney 

Branch in System 3,  

 Install replacement culvert in System 1 to replace the infrastructure around the 

Freeman House (Alternative 1),  

 Install a parallel 120-inch by 96-inch box culvert in System 2 (Alternative 1), and  

 Remove flow obstructions from the existing storm sewers which will remain in 

service. 

 

The total project cost of the capital improvements recommended is estimated as follows: 

 

Removal of flow obstructions     $   135,000  

System 1 Improvements    $1,132,200 

System 2 Improvements    $   898,000 

Total       $2,165,200 

 

The improvements recommended are shown in Figure 9.  The profile and future hydraulic 

grades of the system are shown on Figure 10.  
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DRAINAGE STRUCTURES 
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PHOTO DOCUMENTATION 

OF LARGE STRUCTURE  

(>60 INCHES DIAMETER OR HEIGHT)  

WALK-THROUGH  

INSPECTION 
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SYSTEM 1 & 2 

STORM SEWER MODELS 
 

 

 

 



8/14/2015

LD-229 PROJ: xxx
NOVA

Center Street
SHEET As Shown

DRAIN.
AREA

RUN-
OFF

COEF.

INLET
TIME

RAIN-
FALL

I

RUN-
OFF

Q
LENGTH SLOPE No. of 

Barrels DIA. CAPACITY VELOCITY

ACRES C INCRE-
MENT

ACCUM-
ULATED MIN. IN/HR CFS UPPER 

END
LOWER 

END FT. FT./FT. IN. C.F.S. F.P.S. INC. ACCUM.

OUTFALL 1 & 2

SYSTEM 1
MH150 CI138 161.400 0.57 92.564 92.564 20.0 4.03 373.2 348.74 345.67 280.0 0.0110 3 60x36 447.3 11.5 0.41 20.41 OK
CI138 NAPA 47.930 0.57 27.361 119.924 20.4 3.99 478.8 345.67 343.83 338.0 0.0054 2 70 311.6 17.9 0.31 20.72 CHECK HGL
NAPA OUTFL1 57.180 0.56 32.077 152.001 20.7 3.96 * 481.8 343.83 342.88 174.0 0.0055 1 72 168.2 17.0 0.17 20.89 CHECK HGL

*Note: Using CivilStorm V8i, the exist. 72" is found to convey only 80% of the total runoff. SYSTEM 2
JUNC1 MH120 61.970 0.57 35.314 187.315 21.0 3.94 737.1 342.00 336.49 573.0 0.0096 3 66 849.9 12.0 0.79 21.79 OK
MH120 BEND1 58.720 0.59 34.808 222.123 21.8 3.86 857.9 336.44 334.22 161.0 0.0138 1 96x72 796.9 17.9 0.15 21.94 CHECK HGL
BEND1 DIR2073 0.000 0.00 0.000 222.123 21.9 3.85 854.9 334.22 330.89 255.0 0.0131 1 96x72 775.6 17.8 0.24 22.18 CHECK HGL

DIR2073 DIR2070 32.258 0.57 18.314 240.437 22.2 3.83 920.3 330.89 327.75 240.0 0.0131 1 120x96 1535.5 20.1 0.20 22.38 OK
DIR2070 DIR106 32.258 0.57 18.314 258.751 22.4 3.81 985.9 327.75 323.88 296.0 0.0131 1 120x96 1535.0 20.5 0.24 22.62 OK
DIR106 DIR105 32.258 0.57 18.314 277.065 22.6 3.79 1049.9 323.88 321.86 154.0 0.0131 1 120x96 1537.5 20.8 0.12 22.74 OK
DIR105 OUTFL2 32.258 0.57 18.314 295.379 22.7 3.78 1116.1 321.86 321.23 44.0 0.0143 1 120x96 1606.4 21.1 0.03 22.78 OK

SYSTEM 1, ALTERNATIVES 1 & 3
MH150 CI138 161.400 0.57 92.564 92.564 20.0 4.03 373.2 348.74 345.67 280.0 0.0110 3 60x36 447.3 11.5 0.41 20.41 OK
CI138 NAPA 47.930 0.57 27.361 119.924 20.4 3.99 478.8 345.67 343.83 338.0 0.0054 2 72 537.3 9.6 0.59 20.99 OK
NAPA JUNC1 57.180 0.56 32.077 152.001 21.0 3.94 598.3 343.83 342.10 200.0 0.0086 2 72 677.3 12.1 0.28 21.27 OK

SYSTEM 2, ALTERNATIVE 2
JUNC1 MH120 61.970 0.57 35.314 187.315 21.3 3.91 732.4 342.00 336.49 573.0 0.0096 3 66 849.9 12.0 0.79 22.06 OK
MH120 BEND1 58.720 0.59 34.808 222.123 22.1 3.84 852.6 336.44 334.22 161.0 0.0138 2 96x72 1593.9 16.6 0.16 22.22 OK
BEND1 DIR2073 0.000 0.00 0.000 222.123 22.2 3.82 849.4 334.22 330.89 255.0 0.0131 2 96x72 1551.1 16.6 0.26 22.48 OK

DIR2073 DIR2070 32.258 0.57 18.314 240.437 22.5 3.80 914.0 330.89 327.75 240.0 0.0131 1 120x96 1535.5 20.1 0.20 22.68 OK
DIR2070 DIR106 32.258 0.57 18.314 258.751 22.7 3.78 979.2 327.75 323.88 296.0 0.0131 1 120x96 1535.0 20.5 0.24 22.92 OK
DIR106 DIR105 32.258 0.57 18.314 277.065 22.9 3.76 1042.8 323.88 321.86 154.0 0.0131 1 120x96 1537.5 20.8 0.12 23.04 OK
DIR105 OUTFL2 32.258 0.57 18.314 295.379 23.0 3.75 1108.7 321.86 321.23 44.0 0.0143 1 120x96 1606.4 21.1 0.03 23.08 OK

ROUTE:
COUNTY:
DESCRIPTION:

Center Street
Fairfax DISTRICT:

STORM SEWER CALCULATIONS
ALL OUTFALLS

BASED ON 10-YEAR DESIGN FLOW        
(EXCEPT AS NOTED)

MANNING'S "n" = 0.015 (ALL RCP PIPE)

STORM SEWER DESIGN 
COMPUTATIONS

REMARKS

INVERT 
ELEVATIONSFROM

POINT
TO

POINT

PROP. CONDITIONS - OPTION 1

FLOW TIME 
MINUTESCA

EX. CONDITIONS

Page 1 of 2









Town of Vienna  

Center Street Drainage Study – August 14, 2015 

 

 

 

 

 

 

 

 

Appendix F 
 

 

HEC-RAS MODEL 
 

 

 

 

 





prueangvivatanakij
Text Box
ROUTE: CENTER STREET
COUNTY: FAIRFAX
DESCRIPTION: CENTER STREET

prueangvivatanakij
Text Box
DISTRICT:NOVA

prueangvivatanakij
Stamp



prueangvivatanakij
Text Box
DISTRICT:NOVA

prueangvivatanakij
Text Box
ROUTE: CENTER STREET
COUNTY: FAIRFAX
DESCRIPTION: CENTER STREET

prueangvivatanakij
Stamp



prueangvivatanakij
Text Box
DISTRICT:NOVA

prueangvivatanakij
Text Box
ROUTE: CENTER STREET
COUNTY: FAIRFAX
DESCRIPTION: CENTER STREET

prueangvivatanakij
Stamp



prueangvivatanakij
Text Box
DISTRICT:NOVA

prueangvivatanakij
Stamp

prueangvivatanakij
Text Box
ROUTE: CENTER STREET
COUNTY: FAIRFAX
DESCRIPTION: CENTER STREET



 

-20 -10 0 10 20 30
318

320

322

324

326

328

330

Center Street       Plan: Plan 01    1/8/2015 
  15+98

Station (ft)

E
le

va
tio

n 
(ft

)

Legend

WS 25-YR

WS 10-YR

WS 2-YR

Ground

Bank Sta

.07 .06 .07

 

-20 -10 0 10 20 30
316

318

320

322

324

326

328

330

Center Street       Plan: Plan 01    1/8/2015 
  15+45

Station (ft)

E
le

va
tio

n 
(ft

)

Legend

WS 25-YR

WS 10-YR

WS 2-YR

Ground

Bank Sta

.07 .06 .07

 

-20 -10 0 10 20 30
314

316

318

320

322

324

326

328

330

Center Street       Plan: Plan 01    1/8/2015 
  14+95

Station (ft)

E
le

va
tio

n 
(ft

)

Legend

WS 25-YR

WS 10-YR

WS 2-YR

Ground

Bank Sta

.06 .06 .07

prueangvivatanakij
Text Box
DISTRICT:NOVA

prueangvivatanakij
Text Box
ROUTE: CENTER STREET
COUNTY: FAIRFAX
DESCRIPTION: CENTER STREET

prueangvivatanakij
Stamp



 

-40 -30 -20 -10 0 10 20 30
316

318

320

322

324

326

328

330

332

Center Street       Plan: Plan 01    1/8/2015 
  

Station (ft)

E
le

va
tio

n 
(ft

)

Legend

WS 25-YR

WS 10-YR

WS 2-YR

Ground

Bank Sta

.07 .06 .07

 

-30 -20 -10 0 10 20 30
316

318

320

322

324

326

328

Center Street       Plan: Plan 01    1/8/2015 
  Two box culvert 6x10

Station (ft)

E
le

va
tio

n 
(ft

)

Legend

WS 25-YR

WS 10-YR

WS 2-YR

Ground

Ineff

Bank Sta

.07 .06 .07

 

-20 -10 0 10 20 30
312

314

316

318

320

322

324

326

Center Street       Plan: Plan 01    1/8/2015 
  Two box culvert 6x10

Station (ft)

E
le

va
tio

n 
(ft

)

Legend

WS 25-YR

WS 2-YR

WS 10-YR

Ground

Ineff

Bank Sta

.065 .06 .065

prueangvivatanakij
Text Box
DISTRICT:NOVA

prueangvivatanakij
Stamp

prueangvivatanakij
Text Box
ROUTE: CENTER STREET
COUNTY: FAIRFAX
DESCRIPTION: CENTER STREET



 

-50 -40 -30 -20 -10 0 10 20 30
312

314

316

318

320

322

324

326

328

330

Center Street       Plan: Plan 01    1/8/2015 
  12+75

Station (ft)

E
le

va
tio

n 
(ft

)

Legend

WS 25-YR

WS 10-YR

WS 2-YR

Ground

Bank Sta

.07 .06 .07

 

-40 -30 -20 -10 0 10 20
312

314

316

318

320

322

324

326

328

Center Street       Plan: Plan 01    1/8/2015 
  12+25

Station (ft)

E
le

va
tio

n 
(ft

)

Legend

WS 25-YR

WS 10-YR

WS 2-YR

Ground

Bank Sta

.07 .06 .07

 

-40 -20 0 20 40 60 80 100
312

314

316

318

320

322

Center Street       Plan: Plan 01    1/8/2015 
  11+71

Station (ft)

E
le

va
tio

n 
(ft

)

Legend

WS 25-YR

WS 10-YR

WS 2-YR

Ground

Bank Sta

.07 .06 .05

prueangvivatanakij
Text Box
DISTRICT:NOVA

prueangvivatanakij
Stamp

prueangvivatanakij
Text Box
ROUTE: CENTER STREET
COUNTY: FAIRFAX
DESCRIPTION: CENTER STREET



 

-20 -15 -10 -5 0 5 10 15 20
312

314

316

318

320

322

Center Street       Plan: Plan 01    1/8/2015 
  11+22

Station (ft)

E
le

va
tio

n 
(ft

)

Legend

WS 25-YR

WS 10-YR

WS 2-YR

Ground

Bank Sta

.07 .06 .07

 

-15 -10 -5 0 5 10 15 20 25
313

314

315

316

317

318

319

Center Street       Plan: Plan 01    1/8/2015 
  10+73

Station (ft)

E
le

va
tio

n 
(ft

)

Legend

WS 25-YR

WS 10-YR

WS 2-YR

Ground

Bank Sta

.07 .06 .07

 

-20 -10 0 10 20 30 40
312

313

314

315

316

317

318

319

Center Street       Plan: Plan 01    1/8/2015 
  10+00

Station (ft)

E
le

va
tio

n 
(ft

)

Legend

WS 25-YR

WS 10-YR

WS 2-YR

Ground

Bank Sta

.07 .06 .065

prueangvivatanakij
Text Box
DISTRICT:NOVA

prueangvivatanakij
Text Box
ROUTE: CENTER STREET
COUNTY: FAIRFAX
DESCRIPTION: CENTER STREET

prueangvivatanakij
Stamp



 

0 200 400 600 800 1000
310

315

320

325

330

335

Center Street       Plan: Plan 01    12/16/2014 

Main Channel Distance (ft)

E
le

va
tio

n 
(ft

)

Legend

WS  25-YR

WS  10-YR

WS  2-YR

Ground

Channel TB2 Piney Branch

prueangvivatanakij
Text Box
DISTRICT:NOVA

prueangvivatanakij
Text Box
ROUTE: CENTER STREET
COUNTY: FAIRFAX
DESCRIPTION: CENTER STREET

prueangvivatanakij
Stamp




